The mental health of hospital nurses is a key health issue in public health promotion during the recovery phase following the Fukushima disaster. In this study, conducted 4 years after the disaster, we analyzed the overall mental health, knowledge, risk perception of radiation, and work and daily life burdens of nurses working at medical institutions in the Fukushima Prefecture (collection rate = 89.6%; response number = 730). Overall mental health status was estimated using the 12-item version of the General Health Questionnaire, and 333 respondents (45.6%) scored above the 12item General Health Questionnaire threshold point (≥4), indicating probable emotional distress compared with the general population under normal circumstances. Multivariate logistic analysis suggested that the ability to cope with daily life and work-related stressors were more important than risk perception and acquisition of knowledge regarding radiation and its control methods for supporting the mental health of nurses following the Fukushima disaster.
Introduction
Following the Fukushima Daiichi nuclear power plant accident after the Great East Japan earthquake on the March 11, 2011 , people continue to demonstrate a high amount of anxiety regarding the effect of radiation on their health. 1, 2 Based on various investigations regarding dose estimation, 3, 4 including those on external exposure using dosimeters and internal exposure using whole body counters, it was considered to be inconceivable that there would be epidemiologically detectable health effects. 5 However, in a survey of Fukushima residents, which was conducted 3 years after the disaster, 70% to 80% of respondents reported anxiety regarding the health effects of external and internal radiation exposure on themselves and their families, 6 indicating that anxiety continued to be high. Studies on the 1979 Three Mile Island accident in the United States and the 1986 Chernobyl disaster in the former Soviet Union indicated that anxiety toward radiation had a greater psychological effect than any direct physical effects. 7, 8 Nurses are particularly prone to mental health problems compared with those employed in other jobs, [9] [10] [11] suggesting that the problems are associated with job-related stress as a result of a probable increase in burnout reaction. Following the 2011 earthquake and nuclear disaster, reduction in the number of medical personnel, including nurses, has been reported in disaster-affected areas. 12 In a survey targeting nurses working at a university hospital, conducted 2 years after the disaster, a large number of nurses had considered leaving their jobs because of "anxiety about life after the accident," "possible radiation health effects in children," and "anxiety about relationships with colleagues in the hospital." 13 Few studies have reported that the work of public health nurses or caregivers can be highly stressful compared with that of the general population 14, 15 ; however, no study has specifically focused on the mental health of hospital nurses and how differences in radiation knowledge, risk perceptions, or other stress-related aspects influence their mental health. Furthermore, there is no report regarding coping strategies for their mental health.
Many nurses and other medical personnel conduct health consultation services to comfort residents who are worried about radiation. 14, 16 The nurses' knowledge, risk perceptions, and anxiety about radiation might also significantly affect the general population in the disaster area. 16 Along with patient care, the mental health of hospital nurses plays a key role in maintaining a favorable medical environment to support public health following a disaster.
In this article, we comprehensively examined the mental health of nurses using 12-item version of the General Health Questionnaire (GHQ-12) in areas affected by the nuclear disaster. Second, we assessed from the varying viewpoints including their knowledge and risk perceptions of radiation, confidence in explaining matters related to radiation, and work and daily life burdens as factors that potentially affect their mental health. Third, we analyze these data in order to understand the coping methods of medical personnel during such disasters.
Methods

Participants and Methodology
We sent an anonymous questionnaire to 815 nurses at 2 general hospitals with admission and outpatient clinics in the Nakadori area (the central region of the Fukushima Prefecture in Japan, approximately 50-70 km from the Tokyo Electric Power Company, Fukushima Daiichi Nuclear Power Station). Of the 740 nurses (90.8%) who responded, 730 (89.6%) who answered the GHQ-12 were regarded as valid. The deadline of return of the questionnaire was within 2 months. The study was conducted from August 2015 to November 2015 after obtaining approval from the Fukushima Medical University Ethics Committee (Ethics Committee Approval Number: 2360).
Contents of the Questionnaire
The questionnaire comprised the following 4 categories: (1) "questions on oneself," (2) "questions on health," (3) "questions on radiation," and (4) "questions on work and daily life burdens."
For category 1, "questions on oneself," we asked about the participants' age, sex, place of birth (Hamadori [the eastern coastal region], Nakadori [the central region], Aizu [the western mountainous region], or outside Fukushima), the presence or absence of a spouse (regardless of whether widow, single, or divorce) or children (regardless of living together and separation), and the evacuation experience of self and family members.
For category 2, "questions on health," we used the GHQ, a self-evaluation measure developed by Goldberg. 17 In this survey, we adopted a bisection method of evaluation with a total score from 0 to 12. Based on previous studies on the sensitivity, specificity, and error rate of the GHQ-12, we categorized respondents with scores of 0 to 3 as the low-risk mental health group and those with scores of 4 to 12 as the high-risk mental health group. [18] [19] [20] For category 3, "questions on radiation," 15 questions were asked in subcategories A to D. The concrete example of the questionnaire for category 3 is shown in the appendix.
A. Questions on risk perception of radiation. We obtained answers using a 9-point Likert-type scale. To reduce the respondents' burden, we asked minimal questions about "dread risk," "known risk," "controllability," 21 food production, the health effects of radiation on self and family members, and the interest in information. 22 B. Questions regarding your confidence in explaining radiation-related matters. To evaluate the relationship between knowledge and risk perception, 2 types of knowledge questionnaires are utilized, subjective 23 and objective knowledge. 24 In this study, to prevent psychological stress on the respondent and under the assumption that nurses are required to explain matters related to radiation to the public after a disaster, instead of objective knowledge, we used subjective knowledge based on questions regarding the degree of confidence (from 1 to 9) in explaining basic to practical knowledge. C. Questions on how anxiety about radiation (from 1 to 5) has evolved compared with anxiety directly after the earthquake. D. Questions on how interested in acquiring knowledge (from 1 to 4) about radiation and nuclear disasters.
For the analysis, "1" was classified as "I do not want to know," and "2," "3," and "4" were classified as "I want to know." For category 4, "questions on work and daily life burdens," we asked the 2 questions on work and daily life according to a 9-point Likert-type scale. And we asked the 2 questions to nurses who were presently working at the same hospital and who were working at the time of the earthquake. The concrete example of the questionnaire for category 4 is shown in the appendix.
Analysis Method
We conducted a χ 2 test for questions on self, changes in anxiety toward radiation, interest in acquiring knowledge about radiation and nuclear disasters, and changes in work and daily life burdens after the disaster between the low-and high-risk mental health groups. A Haberman's residual analysis was then performed for question items that had significant differences between the 2 groups. Regarding the questions that were evaluated using a 9-point Likert-type scale, t test was performed to confirm whether a significant difference existed between the 2 groups. We then conducted a multiple logistic regression analysis by considering the items that had significant differences between the 2 groups in the above as explanatory variables and the 2 groups of GHQ-12 as objective variables. P < .05 was regarded to be statistically significant.
Results
The arithmetic mean score for GHQ-12 was 3.96 (standard deviation [SD] = 3.27). Nurses with a score of ≥4 (the high-risk group) accounted for 45.6%. The mode was 2 (17.4%), and the median was 3. In response to the aforementioned questions, the frequencies and percentages for the low-and high-risk mental health groups are shown in Table 1 . Women accounted for 95.5% of respondents. Significant differences between the 2 groups were observed for the presence or absence of a spouse and changes in daily life burdens. Respondents who had no spouse and reported an increase in daily burdens were significantly more prevalent in the high-risk mental health group. Both groups did not show any significant differences for sex, age, presence or absence of children, interest in acquiring knowledge, anxiety about radiation, place of birth, evacuation experiences, and changes in work burdens.
Regarding radiation risk perception, confidence in explaining matters related to radiation and the present work and daily life burden scores of both groups are shown in Table 2 . Significantly higher results in "dread risk," "effects on own health," and present work and daily life burdens and significantly lower results in "known risk," "controllability," "child growth and CT exposure," "definitions of terms," "external/internal exposure," and "natural/man-made radiation" were observed in the high-risk mental health group than in the low-risk mental health group. Insignificant differences in scores between both groups were observed for "food production area," "effects on family's health," "interest," "units," and "radioactive 'Cs' and 'I'."
Parameters that showed significant differences between both groups in the univariate analyses were applied as explanatory variables to the multivariate logistic regression analysis ( Table 3 ). The percentage of correct classifications remained at 68.8%; however, it should be noted that this analysis was not performed to predict the classification but to evaluate the impact of factors on mental health. The absence of a spouse, dread risk, and present work and daily life burdens were observed to be significantly associated with the increase in mental health ( . No significant associations with mental health were found for the other variables, including confidence in explaining matters related to radiation. Because dread risk, effects on own health, and present work and daily life burdens were asked using the same Likert-type scale numbers, magnitudes of their association with mental health were compared according to the absolute values of the partial regression coefficient β. Among them, the association with mental health was the highest for work burden, followed by daily life burden, dread risk, and effects on own health.
Discussion
We considered nurses of medical institutions whose staff faced large burdens for sustained periods. At the time of the earthquake, they had to treat many injured victims and handle the admittance of refugee patients from areas where the infrastructure was severely damaged. They also encountered radioactive materials released during the nuclear reactor accident and an increase in radiation dose rates in their living area. In our study, approximately 30% of nurses or their families had to be temporarily evacuated because of various reasons such as evacuation order, reduced amounts of running water and gasoline, radiation fear, and so on. Consequently, they underwent large amounts of stress both as health care workers responding to the Fukushima disaster and as residents in the disaster-affected area.
The GHQ-12 was developed as a screening test for nonorganic mental disorders. 17, 18 In a study targeting Japanese factory workers (387 males and 79 females), the average GHQ-12 score was 1.91 (SD = 2.73). 25 In another general population study, 18.9% of women and 15.6% of men had high GHQ-12 scores (≥4). 26 A survey of 2107 subjects from the Niigata-Chuetsu earthquake in Japan showed that the average GHQ-12 score was 3.6 ± 3.6; 33.1% had a high score 2 years after the disaster. 27 For respondents in this study, the arithmetic mean ± SD of GHQ-12 was 3.96 ± 3.27, and 45.6% scored above the threshold point of GHQ-12 (≥4), which was much higher than that for general respondents in Japan, [25] [26] [27] suggesting an increased psychological impact in hospital nurses. In a survey of 4407 nurses in 8 general hospitals during 2003 in Japan, 11 68.8% scored ≥4 points on GHQ-12, and the mean score was 5.42 (±3.29). In 2003, Nickell et al 28 reported the psychosocial effects associated with working on the hospital staff during the SARS (severe acute respiratory syndrome) outbreak and found that 45% of nurses scored ≥4 on the GHQ-12. Thus, we cannot say whether the general mental health conditions observed in our study were particularly high compared with other studies that might be conducted under stressful situations. We presume that the general mental health recovered to an extent in that many respondents reported that disasterrelated work and daily life burdens had decreased from 1 year after the earthquake. We compared the results for each question between low-and high-risk mental health groups ( Table 2 ) and performed logistic regression analysis on the factors that affected mental health (Table 3) . First, we observed that the greater the work and daily life burdens and the greater the fear of radiation, the higher the risk for mental health. Second, the absence of a spouse was significantly associated with low-risk mental health. Marital status, age, and other factors are related to the mental health of nurses, 9, 11 suggesting that a supportive family (or other individuals) and awareness of coping strategies against various stressors are more prospective in reducing mental health risk after disaster conditions. Third, univariate and multivariate analyses showed the opposite effects on mental health for "effects on own health." Although controversial, age and marital status might have influenced this discrepancy. 29 Fourth, high frequencies of mental anxiety are observed in people who perceived that exposure to radiation posed a high health risk. 29 Our results indicated that the effect on mental health because of anxiety toward the health risks of radiation is relatively minor compared with the effect from work and daily life related burdens. Organizational interventions 30 are important to reduce the stress of the working environment and improve the mental health of nurses even after complex nuclear disasters.
Conversely, respondents often shared their opinions regarding radiation in the free-response section. For example, there are the necessity or unnecessity of decontamination in the residential areas, the meaning of the results for the thyroid ultrasound inspection for children aged ≤18 years and residing in the Fukushima Prefecture at the time of the disaster, and the various initial responses by government. Given that anxiety toward radiation is complex and differs from person to person, we believe that customized care needs to be provided to every individual. One limitation of this study is that because of the relatively low number of question items regarding work and daily life related burdens and anxiety toward radiation, we cannot analyze in more detail. Second, we must also consider that anxiety toward radioactivity in food and concern about whether it was safe to allow children to play outside may serve as stressors in daily life. Third, because we surveyed only 2 general hospitals, it was difficult to perceive an overall picture compared with differences between the hospitals.
Conclusion
In this study, conducted through a questionnaire with a 90% response rate, we analyzed the factors that affected the mental health of nurses in the Fukushima disaster. It is important to understand anxiety, radiation risk perceptions, and coping methods of medical personnel at the time of such disasters. Addressing daily and work life burdens is likely to be of more importance than the acquisition of knowledge and control tools about radiation. The ability to cope with the mental health of hospital nurses is essential for nurses and residents in the recovery phase of a complex nuclear disaster. II. Do you think that the effects of radiation, radioactive materials, and radioactivity on health are scientifically known? (hereafter, "known risk": 1 = "It is hardly known" to 9 = "It is well known") From III to V: 1 = "I am not worried" to 9 = "I am very worried" as a 9-point Likert scale. III. When you buy food, do you worry about the food production area with respect to the possibility of radioactive materials and radioactivity released from the nuclear accident? (hereafter, "food production area") IV. How much do you worry about the effects of radiation, radioactive materials, and radioactivity from the nuclear accident on your health? (hereafter, "effects on own health") V. How much do you worry about the effects of radiation, radioactive materials, and radioactivity from the nuclear accident on your family's health? (hereafter, "effects on family's health") VI. In general, do you believe that you can reduce or exert control over the health effects of radiation, radioactive materials, and radioactivity by your own ingenuity and effort? (hereafter, "controllability": 1 = "I cannot really exert control" to 9 = "I can exert great control") VII. Do you think you are interested in information regarding the Fukushima Daiichi nuclear accident? (hereafter, "interest": 1 = "I am not very interested" to 9 = "I am keenly interested") B. Questions Regarding Your Confidence in Explaining Radiation-Related Matters. From 1 = "I have no confidence in my ability to explain radiation-related matters" to 9 = "I am very confident about my ability to explain radiation-related matters," answer according to your degree of confidence in explaining radiation-related matters.
I. "Explanations to pregnant mothers who are worried about the developmental delay in their children after undergoing an abdominal CT" (hereafter, "child growth and CT exposure") II. "The difference among radiation, radioactivity, and radioactive materials" (hereafter, "definitions of terms") III. "The difference among Bq (Becquerel), Sv (Sievert), and Gy (Gray)" (hereafter, "units") IV. "The differences and similarities between internal and external radiation exposures" (hereafter, "external/internal exposure") V. "The differences and similarities between natural and man-made radiations" (hereafter, "natural/man-made radiation") VI. "The difference between radioactive cesium and radioactive iodine and their effects on health" (hereafter, "radioactive 'Cs' and 'I'") C. Questions on Anxiety About Radiation. Respond as follows: 1 = "I have less anxiety now than I did at the time of the disaster," 2 = "I cannot say whether my anxiety has increased or decreased," 3 = "I have more anxiety now than I did at the time of the disaster," 4 = "I never felt anxiety toward radiation, even at the time of the disaster," and 5 = "Other."
D. Questions on How Interested in Acquiring Knowledge. Respond as follows: 1 = "I am not particularly interested in knowing," 2 = "I want to acquire knowledge about radiation and health," 3 = "I want to acquire knowledge about nuclear disasters," and 4 = "I want to acquire knowledge about nuclear disasters and the effects of radiation on health."
Category 4
Respond on a scale from 1 = "I hardly feel burdened at all" to 9 = "I feel considerably burdened."
